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ABSTRACT

As a highly urbanized bay area bustling with socio-economic
activities, Shenzhen Bay is a pivotal stopover and wintering habitat
for migratory birds along the East Asian-Australasian Flyway.

The Futian Mangrove National Important Wetland, located in the
northeast of Shenzhen bay, is a part of the Guangdong Neilingding-
Futian National Nature Reserve. As the smallest national nature
reserve in China, the wintering habitat of migratory birds has

been significantly impacted by the compacted surrounding

built-up environment. It has become an urgent need for refined
high-quality ecological restoration for the habitats. This project
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leveraged Nature-based Solutions to develop a refined model for
the ecological restoration of coastal wetland waterbird habitats

in compact urban areas. By analyzing waterbird behaviors and
habitat requirements, this model outlined six strategies: water
surface expansion, water level control, hydrodynamic conditions
improvement, shoal transformation, adaptive vegetation
management, and disturbance control. To effectively guide the
restoration implementation, high-, medium-, and low-adaptive
approaches were proposed accordingly. After restoration in 2022,
notable increases in target species, such as Platalea minor, were



observed. The variety of waterbirds of the reserve in 2022 increased
by 33% compared with 2021, while increased by 50.9% compared
with 2016, significantly enhancing ecosystem services of the
coastal area. As urban renewal in China is shifting towards spatial
redevelopment, this model offers valuable insights for ecological
restoration aiming at coastal wetland waterbird conservation
across the country, and substantially supports establishing the
“International Mangrove Center” in Shenzhen.
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1 Background

Waterbirds are highly sensitive to ecological changes in coastal
cities"'”. The area and quality of coastal wetlands significantly
influence the biodiversity of local waterbirds and the population

of migratory birds using these areas for stopovers'. Urban
development in coastal regions, marked by dense construction

and intense human activities, has led to a pronounced artificial
transformation with decreasing coastal wetlands. This degradation
substantially impacts waterbird habitats, resulting in notable
declines in both the population and species of migratory birds'".

In compact coastal urban regions like the Guangdong-Hong Kong-
Macau Greater Bay Area, it is challenging to expand coastal wetlands
and waterbird habitats. Thus, refined restoration of existing habitats
has become crucial for improving biodiversity and ecological
resilience in such regions.

Currently, research and practice on restoring coastal wetlands
for waterbirds are increasing. The key technical methods include
terrain modification, noise abatement, vegetation planting, food
supplementation, and water system construction'~"*. For instance,
David J. Yozzo et al. advocated for using dredged materials to create
artificial coral reefs for restoring bird habitats, intertidal marshes,
mudflats, and bird islands'”’. These approaches can significantly
enhance local waterbird diversity. However, some focus primarily
on the development and management of constructed wetlands with
immediate outcomes, rather than on restoring the tidal regulation
functions of natural wetlands via natural processes'"*''"*, With
various physical traits and living habits, different waterbird species
require varied ecological habitat environments: Anatidae prefer
open waters with soft sand and mud shoals, part of the sand and
gravel substrate with complex structures, and deep waters without
vegetation; in contrast, Ardeidae are inclined towards habitats
in waters near trees'”’!. Therefore, it is imperative to implement
detailed restoration to address the needs of different waterbirds'",
Existing habitat restoration methods have limited consideration
of target waterbird species with simplistic need analysis, lacking
multi-objective solutions that cater to the varied habits of diverse
waterbird species.

Nature-based Solution (NbS) has gained prominence as an
effective way to address climate change and bolster resilience
in recent years. NbS underscores the significance of protecting,
managing, or establishing new ecosystems to implement and utilize
natural functions, offering cost-effective and adaptable solutions
to complex social challenges®"*". The adoption of NbS spans a
wide array of fields including biodiversity conservation, wetland
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restoration, and protection of river ecosystems[81[21][24]

, showcasing
extensive research and practices. However, its integration into
refined avian habitat restoration is still nascent. For instance,

the coastal wetland restoration project in Yancheng, Jiangsu
Province, China created functional zones including bird refuge
zone, swimming bird foraging zone, wader bird foraging zone,

fish refuge zone, and ecological buffer zone'®; the restoration of
polders of Jianyang Lake Wetland in Zhejiang Province, China,
adopted a “retaining-breaking-integrating” design concept to
construct a complex wetland ecosystem composed of forest, pond,
farmland, lake, and island to improve habitats for Ardeidae'*;

the West Pond Living Shoreline Project in Jamaica Bay, New

York City, USA, incorporated oyster shell breakwater structures,
additional sediment, marsh planting, and erosion control to provide
habitat for endangered species and migratory birds®"’; the Mid-
Barataria Sediment Diversion Project Final Restoration Plan in
Louisiana, USA proposed to rejuvenate coastal wetland habitats and
ecosystem functions by re-establishing the connection between the
Mississippi River and the Barataria Basin estuary™*®; the Greater
Niagara Region, Canada applied Ecosystem-based Adaptation to
conserve waterbird diversity via living shoreline and beach sand
replenishment””), While these cases exemplify the application

of NbS, practical implementation of these plans remains at a
preliminary stage, lacking refined models or approaches. Employing
NbS to develop methods for restoring coastal waterbird habitats
has significant potential for further development. Thus, taking

the restoration design project of the Futian Mangrove National
Important Wetland in Shenzhen as a case study, this paper explores
Nature-based Solutions on refined waterbird habitats restoration.
[t aims at theoretical and technical innovation in coastal wetland
ecological restoration, enriching the practical experience of NbS
application in bird conservation.

2 Study Site and General Model for Restoration

2.1 Futian Mangrove National Important Wetland in Shenzhen
The Futian Mangrove National Important Wetland in Shenzhen

(“Futian Mangrove Wetland” hereafter) is a quintessential example

of waterbird habitats in high-density coastal cities in China. Located

in the Futian District of Shenzhen City, Guangdong Province, and

adjacent to the Mai Po Wetland of Hong Kong, it is an integral

part of the Neilingding-Futian National Nature Reserve. It has

been selected in the “2020 National Important Wetland List” and

designated as a “wetland of international importance” under the

Ramsar Convention. On November 5, 2022, the establishment of
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the “International Mangrove Center” in Shenzhen was announced
on the 14th Meeting of the Conference of the Parties to the Ramsar

Convention™

, with the Futian Mangrove Wetland being a key
initiative.

The Futian Mangrove Wetland is a critical overwintering and
stopover site on the East Asian-Australasian migration route, which
is essential to global bird conservation. According to the Guangdong
Neilingding Island-Futian National Nature Reserve Administration
(“Reserve Administration” hereafter), every year, hundreds of
thousands of waterbirds stop in Shenzhen Bay, including 13 species
listed on The International Union for Conservation of Nature (IUCN)
Red List of Threatened Species, such as Platalea minor and Limosa
limosa.

The core of Futian District in Shenzhen is among the most
urbanized areas along China’s coastline, characterized by high
construction intensity, tall buildings, and vibrant activities of
various groups of people, significantly affecting the overwintering
of migratory birds. As China’s only national nature reserve within
core urban area, the wetland lacks a buffer zone from the built-
up surroundings, thus confining the range of conservation; and
the north of the reserve is adjacent to the Binhai Avenue and the
Beijing-Hong Kong-Macao Expressway, where traffic notably
impacts bird populations, making protection on the reserve
under considerable pressure®. Forming the ecosystem of the
Futian Mangrove Wetland together with the periphery mudflats
and mangroves, the dike-ponds are pivotal high-tide habitats for
migratory birds. Achieving high-quality restoration of these dike-
ponds within the limited space of the Futian Mangrove Wetland has
become a major challenge. Moreover, as China’s urban renewal has
shifted towards refined redevelopment, exploring NbS on refined
ecological restoration offers substantial support and guidance for
better quality and efficiency in these endeavors.

2.2 Site Condition

According to remote sensing data from the Reserve
Administration, the total area of fishponds in the Futian Mangrove
Wetland is approximately 63.17 hm®, consisting of 12 dike-ponds
and 1 typhoon shelter pond. Upon years of continuous restoration,
27.10 hm” of the area (Fishponds No. 1 ~ 4 along the west bank of
the Fengtang River) have been restored before 2022. The project in
this paper focused on the comprehensive restoration of fishponds
on the east bank (Table 1), including Fishponds No. 5 ~ 11, the
Northern Freshwater Pond, and the Typhoon Shelter Pond, covering
a total area of 36.07 hm®. The restoration of primary zones has been
completed during March to September 2022, covering Fishponds



No. 5 and 6, the Northern Freshwater Pond, and the Typhoon
Shelter Pond (Fig. 1), effectively integrating Fishponds No. 1 ~ 6
on both banks for ecological management enhancement.

2.3 Overall Restoration Model

Drawing on research and practical experience, this project
establishes an overall restoration model for waterbird habitats
(Fig. 2) in the Futian Mangrove Wetland. Initially, combine existing
monitoring data with field observations to determine target
waterbirds, and analyze the habitat needs of these birds through
literature review and bird behavior observations. Then, conduct
a site suitability analysis and problem diagnosis on water surface
area, water depth, hydrodynamic conditions, shoal and islet
morphology, the effects of plants, and the effects of urban and

human activities, to propose refined ecological restoration models
for target waterbirds. Finally, based on the specific site conditions,
develop six strategies that includes high-, medium-, and low-
adaptive approaches for implementation.

3 Site Assessment Based on Habitat Needs of Target
Waterbirds

3.1 Bird Resource Analysis

Bird resource analysis was conducted combining monitoring
data in past years and field observations. According to the data
from the Reserve Administration, a total of 261 bird species from 60
families of 20 orders had been recorded within the Futian Mangrove
Wetland by 2021. Among them, 13 species are under national

Table 1: Habitat conditions of fishponds along the east bank of the Fengtang River

Fishpond Area Number of Water depth Habitat condition
(hm?) small ponds (m)
No. 5 6.85 5 1~15 - Embankment vegetation dominated by tall trees with numerous invasive plants
- The northern water surface is encroached by Phragmites australis
No. 6 3.46 4 15~2 - Embankment vegetation dominated by trees and shrubs with numerous invasive
plants
- The water body is narrow and elongated, easily disturbed by external factors
No. 7 5.11 4 1.5~2 - Rich embankment vegetation with numerous invasive plants
- Significantly impacted by urban traffic noise and light
No. 8 3.93 2 2~25 - Rich embankment vegetation with numerous invasive plants
- Islets within the pond
No. 9 4.95 4 2~25 - Rich embankment vegetation with numerous invasive plants
- The water body is divided by cruciform embankments with tall trees
No. 10 3.94 3 1~2 - Phragmites australis are abundant in the central area, with numerous invasive plants
- The eastern part is gradually terrestrializing, without tidal channels outwards
No. 11 2.74 0 2~25 - Lush embankment vegetation dominated by tall trees
- Islets with established groves within the pond
Northern 4.30 5 0.3 ~ 0.5 (dry season), - Lush embankment vegetation enclosed by tall, dense plants, with the water surface
Freshwater 1 (rainy season) encroached by aquatic plants
Pond - Without tidal channels outwards, rainwater is easily accumulated
Typhoon 0.79 0 Varies with tidal level The water surface is covered by Acanthus ilicifolius
Shelter Pond

039
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first-class protection, including Platalea minor, Aythya baeri,
Tringa guttifer, Egretta eulophotes, Threskiornis melanocephalus,
Pelecanus crispus, Ciconia nigra, and Ciconia boyciana, while 46
species under national second-class protection. The Platalea minor
is listed as Endangered (EN) on The IUCN Red List of Threatened
Species, the population of which in Shenzhen Bay remarkably
exceeds 1% of its global population, making it one of star birds in
Shenzhen.

According to the Futian Mangrove Reserve Fishponds No. 1 ~
11 Bird Monitoring Report (2015-2018), a total of 75,549 birds
from 120 species were recorded during June 2015 to April 2018,
which is fewer in summer and more in winter. The monitored birds
mainly included Scolopacidae (approximately 75%), Anatidae
(approximately 13%), Ardeidae, Rallidae, and Phalacrocoracidae,
with dominant species including Recurvirostra avosetta, Tringa
totanus, Himantopus himantopus, Tringa nebularia, Calidris
ferruginea, Tringa stagnatilis, Pluvialis fulva, Anas clypeata, and
Anas crecca. As the fishponds on the east bank of the Fengtang River
had not been restored then, the waterbirds primarily inhabited the
restored Fishponds No. 2 ~ 4 according to winter bird observation
data from 2017 to 2018 (8,319 recorded in Fishpond No. 2, 4,353 in
Fishpond No. 3, and 2,410 in Fishpond No. 4) (Fig. 3).*"

To confirm the distribution of waterbirds on-site before the

1. Fishpond locations in
the reserve.

2. Refined ecological
restoration model for
waterbird habitats in
high-density urban
area.

3. Waterbird distribution
before restoration.

restoration of the east bank fishponds, the project team conducted
line transect survey on January 12 and January 19, 2022. Transects
were established around the periphery of the fishponds. The team
made walking observations along the predetermined route when
the tide in Shenzhen Bay was high (above 1.5 m), recording both
the water levels of the fishponds and the behaviors of waterbirds.
The survey revealed that there were over 50 waterbirds each in
Fishponds No. 8, 9, and 11, while the other fishponds had around
10 each, primarily Aythya fuligula, Egretta garzetta, Anas clypeata,
and a few Himantopus himantopus and Platalea minor, aligning
with the results of historical records.

3.2 Habitat Needs Analysis of Target Waterbirds

Based on the monitoring data and field observations,
Scolopacidae, Anatidae, Ardeidae, Rallidae, and Phalacrocoracidae,
and one national first-class protected species (Platalea minor) have
been identified as target waterbirds within the Futian Mangrove
Wetland. Considering factors covering body length, ecological
type, and residency type, representative species of the target
waterbirds with relatively large population size on-site were
selected (Table 2) to analyze their spatial preferences and human
disturbance tolerance, which help determine the essential habitat
needs and related indicators.

R e ? There were three nests of Rallidae breeding in the Typhoon Shelter
E Pond with occasional observation of other birds

______ Ardeidae were occasionally seen here, where
E J Platalea minor once stayed over night
Dozens of Aythya

%) 1)

Aythya  Ardeidae

Dozens of Aythya

N 1)

Aythya Ardeidae

- I \ r\ i\‘
4 Aythya Ardeidae Phalacrocoracidae

Hundreds of various bird
species
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Table 2: Overview of representative species of target waterbirds

Target Representative Body length Ecological Residency type Human disturbance
waterbird species (cm) type tolerance
Scolopacidae  Small Calidris ferruginea 18.0 ~ 23.0 Wading bird Transient birds High
Medium and large Limosa limosa 36.0 ~44.0 Wading bird Winter visitors High
Anatidae Non-diving Anas clypeata 44.0 ~51.0 Swimming bird Winter visitors Medium to high
Diving Aythya fuligula 40.0 ~ 47.0 Swimming bird Winter visitors High
Ardeidae Egretta garzetta 55.0 ~ 65.0 Wading bird Mainly winter visitors, a few summer Medium
visitors and residents
Rallidae Gallinula chloropus 30.0 ~ 38.0 Wading bird Winter visitors with some residents High
Phalacrocoracidae Phalacrocorax carbo 84.0 ~90.0 Swimming bird Winter visitors High
National first-class protected Platalea minor 60.0 ~ 78.5 Wading bird Winter visitors High
species
NOTE

The information is sourced from Dongniao website, interviews with Reserve Administration, and field observation.

Research indicates that, apart from the special needs of each
species, waterbird habitats generally require large, continuous
open water surfaces for flocking and safety needs; shallow water
for foraging; and a certain proportion of shoals and islets for resting
and stopping, with a few aquatic vegetation patches around (without
tall trees) and minimal noise disturbance (Table 3, Fig. 4).

3.3 Habitat Problem Diagnosis

According to the habitat needs of waterbirds above, a suitability
analysis was conducted on the dike-ponds of the Futian Mangrove
Wetland, assessing water surface area, water depth, hydrodynamic
conditions, shoal and islet morphology, the impacts of vegetation,
and the disturbance by human activities. It identified six common
problems faced by the unrestored fishponds.

(1) Small water surface

The area of open water surface is one of the crucial factors
affecting the utilization of waterbird habitats. In terms of total area,
most fishponds on the east river bank range from 3 to 5 hm?, which
theoretically meets the needs of large, continuous open water
surfaces for gregarious lifestyle (e.g., 2 ~ 3 hm? for Scolopacidae),
but actually failed due to the water surface division into parts of
about 1 hm? by embankments.

VOLUME 12 /ISSUE 3/ JUNE 2024

(2) Deep water level

Water depth is an important factor that influences bird’s resting
and foraging behaviors, and determines the diversity of waterbird
species in wetlands. The water depth of most fishponds was around
2 m, deepening gradually from south to north, and from west to
east, where the depth of Fishponds No. 8,9, and 11 on the east bank
were approximately 2.5 or 3 m.

(3) Weak hydrodynamic conditions

The exchange of materials and energy between the fishponds
and Shenzhen Bay mainly relies on tidal channels, with water gates
built over the channels to regulate water levels. The current water
gates, constructed before 2008 with traditional lifting mechanisms,
were elevated above the waterbed, leading to insufficient water
exchange and regulation with siltation in the waterways. Such
weak hydrodynamic conditions resulted in insufficient biological
exchange between the fishponds and the external marine area,
leading to the shortage of bird food supply.

(4) Lack of shoals and islets

Safety is one of the critical factors for birds to select habitats,
provided by a sense of openness on shoals and islets as key
resting areas. The existing fishpond embankments and islets
were densely covered by tall vegetation, with fast-growing



Table 3: Habitat needs of target waterbirds

Target Waterbody Water depth Shoal and Vegetation Other Source
waterbird (cm) islet
Scolopacidae  Small Continuous open water 3~5 Soft soil, Low vegetation coverage, Noise under Refs. [10][17]
surface, low vegetation similar color as area proportion of 50 dB; flight [32]~[38]
Medium coverage, generally Under 10 Scolopacidae shoals, water surface, initiation
and large larger than 2 hm?, and patches: 40%, 40%, distance above
regular shape 20% 40 m
Anatidae Non-diving  Complex composition 15~ 30 Soft sand and mud Partially covered by Slow water Refs. [32]
of water surface with on shoals, part aquatic vegetation, flow, foraging [38]~[41]
Diving aquatic vegetation 25~ 1200 of sandy gravel creating a safe area current
patches substrate environment under 4.8 km/h
Ardeidae Open water surface 15~ 40 Some sandy gravel Vegetation coverage Noise under Refs. [14][17]
bases on shoals generally under 25%, 60 dB [42]
for standing, not mainly by trees, better
all silt with less closure
Rallidae Open water surface - Foraging: under 10 — Vegetation patches on — Refs. [17][39]
with aquatic - Resting: under 50 water surface (such as
vegetation patches Phragmites australis,
marsh grasslands) for
activity concealment,
rich submersed plants
Phalacrocoracidae Continuous open water 80 ~ 120 Small islets or logs ~ Water surface and Slow water flow  Refs. [42][43]

surface, low vegetation

and rocks in the

aquatic vegetation ratio:

10 cm

5-~10cm

coverage water for perching 4:6 ~ 6:4
Platalea minor Continuous open water - Foraging: 5 ~ 10 Muddy shoals or Resting environment Turbid water, Ref. [38]
surface, low vegetation - Resting: 5 ~ 25 substrates with some vegetation embankments
coverage coverage around or ridges for
the water for a safe concealment
atmosphere are beneficial
for foraging
Scolopacidae Anatidae Ardeidae Rallidae Phalacrocoracidae | Platalea minor
P
e \ _M s -
=3 . N
E J 5cm 9 @i - / B\ - | Forage
O
=

{

30cm
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Spatial preference

15 cm

200 cm

15cm

Dive no deeper
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4. Habitat needs
for target
waterbirds.
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aquatic plants nearly occupied the entire water surface, such as
Phragmites australis, Eichhornia crassipes, and Alternanthera
philoxeroides, affecting the takeoff and landing of waterbirds
and potentially providing concealment for predators.
Additionally, there were a few small islets in the middle of the
fishponds. With the rich vegetation on the islets had grown into
groves, it lacks open space for resting.

(5) Excessive invasive plants

The embankments were overly covered with invasive and
exotic plants. The trees were mainly exotic species including
Acacia mangium. and Acacia confusa Although Leucaena
leucocephala had been repeatedly cleared, there were still
many seedlings sprouting. The ground cover mainly consisted of
Sphagneticola trilobata with patches of Bidens pilosa. These fast-
growing plants had disrupted the native ecological conditions.

(6) Heavy human activity disturbance

The Futian Mangrove Wetland is adjacent to urban built areas,
and the northern fishponds were highly disturbed by urban
environment and patrolling activities. The Xiasha area of Shenzhen
has a high construction density, and was substantially affected by
light and curtain walls; in addition, as the Guangshen Expressway
closely runs along the boundary of the reserve, despite isolation
strips, the noise in the fishponds, especially in the northern area,
reaches about 70 dB, exceeding the noise tolerance level of most
birds. The northern part of the fishponds is frequented by patrol
vehicles, the sound and activities of which disturbed the bird
habitat in the northern area.

4 Refined Ecological Restoration of Waterbird
Habitats

4.1 Restoration Objectives

For an integral bird conservation area like the Futian Mangrove
Wetland, it necessitates the synergy of restoration objectives
for all fishponds while setting the specific goals for them each.
According to the overall situation, the primary restoration goal
was to provide a stable high-tide habitat for migratory waterbirds
including Platalea minor, large Scolopacidae, and Anatidae; the
secondary goal is to meet the full-life cycle habitat needs of local
waterbirds, predominantly Ardeidae. The previously restored
Fishponds No. 2 ~ 4 had effectively provided habitats for some
Scolopacidae and Anatidae. However, it became a main issue that
the habitat suitability for Shenzhen Bay’s star bird species (Platalea
minor and large Scolopacidae) needs to be improved for the
restoration of the east bank of the Fengtang River, while providing
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composite habitats for various waterbirds reliant on the mangrove
wetlands and Shenzhen Bay (Table 4).

4.2 Ecological Restoration Technical Strategies

In response to the six identified common issues identified and
informed by bird habitat requirement research, six ecological
restoration technical strategies were proposed. These strategies,
along with their adaptive approaches, can be selectively integrated
in restoration efforts based on the specific problems and habitat
needs of the target waterbirds, allowing for creating a customized
strategy package (Fig. 5).

(1) Water surface expansion

To expand continuous open water surfaces preferred by
waterbirds, current embankments in the middle of the fishponds
should be removed or lowered, and converge segmented ponds. The
integrated water surfaces should be larger than 2 hm?, ideally

Table 4: Habitat types and major target birds of fishponds to restore

Fishpond Habitat type Major target birds
No. 5 High-tide habitat Platalea minor, medium and large
Scolopacidae, and other large
wading birds
No. 6 High-tide habitat Platalea minor, Ardeidae, and other
large wading birds
No. 7 Traditional dike- Various birds reliant on dike-ponds,
pond such as Alcedinidae
No. 8 Traditional dike- Anatidae and Ardeidae
pond
No. 9 Deep-water habitat ~ Aythya
No. 10 Traditional dike- Various birds reliant on dike-ponds,
pond such as Alcedinidae
No. 11 Deep-water habitat Local Ardeidae, Phalacrocoracidae,
and Aythya
Northern Wetland Various birds reliant on wetlands
Freshwater Pond
Typhoon Shelter Tidal flat Various birds and animals reliant on
Pond wetlands




Water surface expansion Water level control

Hydrodynamic conditions
improvement

5. Six ecological restoration technical strategies.

maintaining a square shape. The proportion of shoal, water
surface, and vegetation patch within a pond should be managed
to be approximately 40%, 40%, and 20%, respectively.

(2) Water level control

Finely adjust the fishpond bed topography to create terraced
bottoms, and install smart water gates to fulfill the varied water
depth requirements of different waterbirds. During the migratory
bird stopover season from October to next April, the water level
should be controlled to form areas with varied water depths—Iless
than 5 cm, 5 ~ 25 cm, 15 ~ 40 cm, and deeper than 1 m—catering
to the resting needs of certain target waterbirds. During the rest
time of the year, it should maintain a water depth of over 1 m to
suppress the growth of Phragmites australis, thereby keeping the
rational proportion of spatial elements within the water area.

(3) Hydrodynamic conditions improvement

This strategy involves dredging silt from the outward tidal
channels, constructing internal circular deep channels, and
modifying the elevation of water gate bottoms. The dredging degree
of tidal channels is determined by the siltation situation, normally
removing 30 ~ 50 cm thickness of silt. Along the pond perimeters,
excavate deep channels normally requiring a bottom width of 5 m,
a side slope at about 45°, and a depth over 2 m. The dimensions of
these channels can be adjusted according to specific site conditions,
for instance, progressively increasing the depth from the inlet
towards the opposite end to optimize hydrodynamic conditions
and foster suitable habitats for fish and shrimp. Moreover,
aligning the bottom of the water gate with the fishpond bottom
ensures complete drainage and can better facilitate the material
and energy exchange with the surrounding environment, as well as

Shoal transformation Adaptive vegetation Disturbance control

management

improving inter-fishpond connectivity.

(4) Shoal transformation

On the basis of improved layout of water surface, construct 1 ~ 2
large central shoals and several small islets, with gentle sloping
(5° ~ 25°) into the water and winding shoreline. Utilize the central
embankment to form shoals, lengthening the foraging shoreline
and expanding the resting area. Use the earth from lowering
the embankment to construct small islets. In addition, clear the
vegetation on existing islets and adjust the shape and elevation
of the islets as required. The substrate for Scolopacidae should
be soft soil that matches their body color, while the substrate for
Anatidae should be soft sand and mud with sandy gravel.

(5) Adaptive vegetation management

Completely remove invasive plants such as Leucaena
leucocephala and Sphagneticola trilobata, as well as aquatic plants
like Phragmites australis. For islets within the fishponds, prune
native trees to provide perching and nesting spaces for birds such
as Ardeidae. For central embankment, clear the fast-growing,
potentially invasive trees, transplant native tree species and
selectively retain some tree islets. In terms of the southern pond
embankments, clean up fast-growing and invasive tree species and
keep native trees with proper pruning to ensure them not exceed
the height of the mangroves, thereby forming a vegetation pattern
lower and sparser in the south and higher and denser in the north.

(6) Disturbance control

To foster a secure environment with vegetation around the
water and to shield the natural coastal wetland ecosystem from
the large-scale urban municipal projects, the project proposed
creating vegetative buffers to mitigate the disturbance of noise,

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS

o1 © Yifang Ecoscape



lighting, and human activities. The barrier effect can be enhanced
by expanding and elevating these buffers through on-site cutting-
and-filling, and transplanting or locally densifying native plants.

The widened part of the buffers should be raised to 1 m above the

original terrain, gradually sloping into the water.

4.3 Refined Ecological Restoration Model

To improve the suitability of ecological restoration strategies for

waterbird habitats, this project took into account the importance
level of target waterbird conservation, the necessity of ecological

restoration, and the resistance to restoration. It proposed three

levels—high, medium, and low—of adaptive approaches tailored to

the diverse habitat needs of waterbirds. Practically, by addressing

the unique challenges and location features, a combination of these

restoration strategies could be applied to forge a refined restoration

plan for waterbird habitats in coastal wetlands (Table 5).

Table 5: Three levels of adaptive approaches for refined ecological restoration strategies

Strategy

High-adaptive approach

Medium-adaptive approach

Low-adaptive approach

Water surface

expansion

- Water surface area larger than 3 hm® with a

proportion of no less than 90%

- Eliminate internal embankments to fully

integrate all water areas, creating a large, open

water surface

- Water surface area larger than 2.5 hm” with a

proportion of no less than 80%

- Lower internal embankments to visually form

open water surfaces

- Water surface area larger than 2 hm®

with a proportion of no less than 70%

- Partially breach embankments for

functional connectivity between water

areas

Water level

- Water level lower than 0.15 m

- Water level between 0.15 ~ 0.4 m

- Water level above 0.4 m

control - Adjust terrain of fishpond bottom into terrace, - Slightly adjust the terrain of the bottom of - Maintain water level
use smart water gates for real-time shallow fishpond to form areas with varying depths
water level control
Hydrodynamic - High water exchange capacity - Medium water exchange capacity - Medium water exchange capacity
conditions - Dredge tidal channels to enhance hydrodynamic - Lower water gate bottom elevation and - Lower water gate bottom elevation
improvement conditions for material and energy exchange construct circular deep channels inside the
pond
Shoal - Proportion of shoals larger than 40% - Proportion of shoals between 20% ~ 40% - Proportion of shoals less than 20%
transformation - Construct central shoals and islets, increase - Transform internal embankments into shoals - Partially lower embankments and clear
shoreline complexity, lower slopes, and clear and islets vegetation to visually form shoals
existing islet vegetation
Adaptive - Clear invasive plants and non-native plants from - Clear invasive plants and non-native plants - Clear invasive plants from the
vegetation the embankments from the embankments embankments
management - Transplant native trees to create a vegetation - Retain native trees as tree islets and prune - Clear aquatic plants like Phragmites
pattern of lower and spaeser in the south to the branches of tall trees australis within the fishpond
higher and denser in the north
Disturbance - Noise lower than 50 dB - Noise lower than 65 dB - Noise lower than 85 dB
control - Expand and elevate the vegetation buffer - Densely plant existing vegetation buffers - Deep channel as buffer zone instead of
through cutting-and-filling partially habitat for target waterbirds
NOTE

The proportion of water area refers to the area ratio of the water body to the fishpond; the proportion of shoals indicates the area ratio of the shoal to the fishpond.
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4.4 Recent Restoration Practices

In the recently completed restoration projects, refined
ecological restoration plans were determined by combining various
restoration strategies for the target waterbirds of each fishpond
(Table 6).

(1) Restoration plan for Fishpond No. 5

Fishpond No. 5, located adjacent to the Fengtang River estuary
and the tidal flats of Shenzhen Bay, spans a total water area of
6.38 hm? in a square shape. It was divided into 5 sections by
embankments, where each section’s water surface falls short of
2 hm? with a depth of about 1 m. There had been an abundance
of tall trees, and the water area had been significantly encroached
upon by Phragmites australis, lacking open water surfaces,
shoals, and islets. The northern section experienced substantial
disturbances from patrolling and urban construction activities.
Before restoration, limited wading birds such as Egretta garzetta,
Himantopus himantopus, and Platalea minor were observed in
southern small ponds during the drainage, indicating significant
potential for ecological restoration.

Fishpond No. 5 was designated as a habitat for large wading
birds like Platalea minor. The plan integrated all water areas into
one continuous open water surface (Figs. 6, 7). With smart
water gate installation and adjusted terraced pond bottom, the
water level in the central area is maintained between 5 ~ 25 cm.
Additionally, embankments were transformed into winding
central shoals with gentler slopes to provide resting spaces

for migratory birds. A deep channel (5-m-wide, 2-m-deep) was
constructed along the perimeter to enrich the aquatic living
environment and enhance hydrodynamic conditions. Phragmites
australis and invasive plants were removed from the water surface
and embankments, with native plants selectively conserved as
tree islets. In the north, the vegetation buffer was widened and
heightened to mitigate urban and human activity disturbances on
birds (Figs. 6 ~ 9).

(2) Restoration plan for Fishpond No. 6

Fishpond No. 6, located close to the boundary of the reserve,
presented a narrow, elongated shape, with a total area of
3.46 hm?. It had been segmented into four water bodies by central
embankments, all with high water levels. The embankments had
been densely dominated by tall trees, suffering heavy external
disturbances (Fig. 10). Ardeidae had been observed occasionally
on the south side, suggesting a moderate potential for restoration.
The goal was to provide a habitat for large wading birds including
Platalea minor and Ardeidae.

The plan lowered the internal embankment to create a
shoal, visually expanding the water surface. It involved localized
adjustments to the micro-topography of the fishpond bottom and
lowering the water gate elevation to regulate water levels. Tall
trees were preserved for tree islets, while existing islets were
transformed into shoals and islets. The earth excavated from
breaking the embankment was used to construct new small islets in
the southern part of the fishpond. The area adjacent to the northern

Table 6: Ecological restoration plans for four fishponds

Strategy

Water Surface
Expansion

Water Level
Control

Hydrodynamic
Conditions
Improvement

Shoal
Transformation

Adaptive
Vegetation
Management

Disturbance
Control

Fishpond No. 5

High-adaptive
approach

High-adaptive
approach

Medium-adaptive
approach

High-adaptive
approach

Medium-adaptive
approach

High-adaptive
approach

Fishpond No. 6

Medium-adaptive
approach

Medium-adaptive
approach

Low-adaptive
approach

Medium-adaptive
approach

Medium-adaptive
approach

Low-adaptive
approach

Northern Freshwater
Pond

Low-adaptive
approach

High-adaptive
approach

Low-adaptive
approach

Typhoon Shelter
Pond

High-adaptive
approach

High-adaptive
approach

Medium-adaptive
approach
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boundary is designated mainly as a buffer, rather than a habitat for
birds.

(3) Restoration plan for the Northern Freshwater Pond

The Northern Freshwater Pond, not directly connected to
Shenzhen Bay, mainly relies on rainfall for water replenishment,
distinguishing it as the only freshwater pond in the reserve.
Covering an area of 4.3 hm?, it had been segmented into 5 water
areas by 4 embankments. Dense vegetation populated by invasive
species, overtook the eastern water surface and embankments,
making the area unsuitable for massive migratory bird habitation
(Fig. 11). This pond had occasionally hosted various wetland-
dependent bird species, including Rallidae, Alcedinidae, and
Ardeidae. Lutra lutra had been observed under the bridge of the
Fengtang River corridor, indicating significant restoration potential.

Given the unique spatial conditions of the Northern Freshwater
Pond, its restoration was aimed at biodiversity enhancement,

6. Restoration plan for Fishpond No. 5.

7. Section of restoration plan for Fishpond No. 5 (“i": slope; “FL": floor level; “BL":
bottom level; “WL": water level).
Fishpond No. 5 before (left) and after (right) restoration.

9. Restoration outcome of Fishpond No. 5.

Prune tall trees

Earthwork

Water depth 1.00 ~ 1.15 m
(no-migratory bird season) {posipiazatepioliiea=an)
Water depth 0.30 m

iater depth .15 m (migratory bird season)
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gy FL+1.20
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primarily addressing limited water surface, lack of shoals and

embankments, and excessive invasive plants. By partially breaking
the embankments, the water system is functionally interconnected,
enhancing the cycling capacity of materials and energy. Tall trees
on the embankments are preserved, while invasive plants and
aquatic vegetation like Phragmites australis were cleared. After
removing vegetation, existing islets were enlarged and new ones
were constructed, while increasing shoreline complexity and
gentling the slope. The restoration provides habitats for various
wetland-dependent birds and animals, and gradually recover its
ecosystem functions (Fig. 11).

(4) Restoration plan of the Typhoon Shelter Pond

The Typhoon Shelter Pond is located about 200 m north of the
tidal flats and directly connected to them through a tidal channel.
Due to perennial siltation, the water surface had been fully invaded
by Acanthus ilicifolius, making it difficult for migratory birds to
use (Fig. 12). The intersection of the tidal channel and tidal flats
of Shenzhen Bay served as a habitat for various waterbirds. It
had significant potential for ecological restoration with Rallidae
breeding in the northern forests. To effectively tackle with limited
water surface, weak hydrodynamic conditions, and vegetation
encroachment in the Typhoon Shelter Pond, and to fully restore it,
high- and medium-adaptive approaches were adopted, involving
dredging the tidal channel and clearing Acanthus ilicifolius within
the pond to create an expansive open water surface and improve
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10. Fishpond No. 6 before (left) and after
(right) restoration.

11. The Northern Freshwater Pond before
restoration (left) and after restoration
(right).

© Yifang Ecoscape

=)

© Yifang Ecoscape

hydrodynamic conditions, thereby creating a tidal flat habitat for
birds (Fig. 12).

5 Restoration Outcomes

The recent restoration project had been completed by the end
of September 2022, coinciding with the arrival of migratory birds
in Shenzhen Bay. Preliminary observations for the first stopover
season indicated a significant increase in the variety and number
of waterbirds across the fishponds. According to statistics, the
variety of waterbirds in the reserve in 2022 increased by 33%
compared with last year; the total number of waterbirds in the
reserve increased from 27,392 to 37,079 (an increase of 35%)
compared with 2016, and the variety increased from 53 to 80
species (an increase of 51%). Before restoration, only about 30 to
40 Platalea minor were observed in the entire reserve area during
winter, while over 150 were observed in the winter of 2022,
creating a new record for recent years'**. Especially in Fishpond
No. 5, over 50 individuals of Platalea minor can be observed each
day (Figs. 13, 14). With small groups of Scolopacidae and Anatidae
observed in Fishpond No. 5, the total estimated number of various
waterbirds could reach 200 ~ 300, which is tenfold of the number
before restoration. Compared with historical monitoring data
from the Reserve Administration, national first-class protected
species such as Egretta eulophotes, second-class protected
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species like Nettapus coromandelianus, Philomachus pugnax, and

Hydrophasianus chirurgus were returned the site for the first
time in nearly 20 years. In December 2022, a flock of 29 Ciconia
boyciana (national first-class protected species) were observed
for the first time in nearly 30 years.

6 Conclusions and Perspectives

Focusing on the diverse habitat needs of target waterbirds,
this project addresses site challenges specifically. It develops a
refined waterbird habitat restoration model in high-density urban
areas, which is applied and verified in the restoration project of
the Futian Mangrove Wetland in Shenzhen. The implementation
of the project effectively has increased the species and number
of waterbirds and enhanced the function of Shenzhen Bay as a
transit point for international migratory birds.

Building on the proposed restoration model, future efforts can
delve into developing further refined management measures for
coastal wetlands and waterbird habitats. It is recommended to
persistently conduct smart monitoring and evaluation of waterbird
habitats in the Futian Mangrove National Important Wetland
in Shenzhen for real-time updates on habitat status and bird
population dynamics. This will facilitate dynamic optimization
and adaptive management, supplying scientific references and
technological support for high-quality habitat restoration and the
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12. The Typhoon Shelter Pond before (left) and after
(right) restoration .

13. Platalea minor recorded in Fishpond No. 5 after
restoration.

14. Waterbirds in the Futian Mangrove Wetland after
restoration.
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establishment of the International Mangrove Center. Additionally, it

aims to bolster the Shenzhen Bay’s significance for a wintering site
and stopover of international migratory birds.
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c REARITUVKESHEMAEREERBREMNNNS. F. RENEE

EEUH

- EXBEARZEEMAE "BEHHHEETE I LR HLE
R—UEBBEXEX A (%H%S: 52078004 )

c THREEMSNBEMARESINE ‘EBRAEREHEEEMR
FERD LRI N SRR (RS : 2021A1515012246)

< RYITHREGTINE “BFEHRENS - 18IC - RREXEILE R i 18K
RAMESMBRE” (HS: KCXST20221021111416039)

< RYIHRBITHWIB E 0 - BEMRSUEEMNESTD IR
A" (HS: KCXFZ20211020164205009)

i SWE, TS
BiE sWmE, ThAm

15

IR S X Y R T A 25 PR A A Al e B SRR R R U M 1Y T
RN o A e KPR B2 52 M) 2 74 i 7 5% 14 2 ) 22 A5 P Il 452 A 2 ek
SRR R R T I A A e R S B R B0 R N T AL
FEE, BRI N BT ZE A, XK S S R P, e S R S AR
F DU T L RO X AR A P S K A IR ST I S, dd
S 484 T R R T 1 T 36 b AR /K A e 168 5 e R R R, R I A
AR ARG 1B 2 S AR TR MO SCHE , IR AE B BT R TR
RPN S A A5 T 1) I
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FUAT, &1 %h K S0 8 A i R s B s Sc R Hie 2. £
BRI MY O . MRS IR . AE BRI . B RN R RK RS 1
SR, R - Zoffe S N AR B R AR, T AN T I
T SR R AR . 2R NG SRS B S A AR SR
D7 RE S A R Y MK S R, (R VA N TR M ) 7
FEEL, IMTARYR S B AR H 0% T D RE s AR Ty vk SR PR A
AT Z A FH SRR B AR K S R AT R I, WS
TR FP K 5 P BRI | 2B 06 20 M 25 S i xS b 75 SRR AT, b
w, MEMSZE (Anatidae ) FARLFERMEALA FORVE . FBTDASLIREEI R
F B FF KT, LA B TR Bl B 55 TR KK B8R, 1% 26 (Ardeidae ) U5 ff
SIS AETRARBREE (K P, R AT RS TRIK 5 1) 2 MR, S
KA E 20, AW B E ki b H IR AR K S, TRk
Mra AT T 5, e mi i 2 Fp oK 5 S 2 BB E 5k .

UTAER, T ASRMMFD T (Nature—based Solution, NbS) i
Wi B RS RS, WEIERH AR EEIDIRE, DAL
i Fpc A PR I M A B0 e A 2 Ak 2 B RO R Ay X A AR A
AR P ARGEE . BAT, NbSTEAPZRERY . B R | TR
A R GRS GG 5 2 B ST (B A A
KA ts 2 )5 AL TR A B, INDS It SHLA, W ET IRk
B E I H A T SRR X IEE R EX . WE X, IR
DS IR X o E TR HB A R I H DL “OR8 - 4T
B - A7 AEOITELE, @V T AR -¥E-H W - BT BEA4ASEM
Y0, PRTEE SAONE B IR IR 3% [ A0 2N A S VS VR XA A i
BRI E RN T DL R A L VTR, FRRTIR LAY . R R LR
b, R S Rl R R B 1 2R AR A S s S [ B e IR M A v B
PR TORRAY) 43 08 Foe 2 A2 1), 3 Ao T % G G LU TR
FEZE b0l 11, 85 VI R R B A S R ST RED s I e W
DR A S RGeS W, R FH AR 336 5 2RI e e V048 it R 4P 7K 55 28
ZREHET IR EARIHENDSHE 48 S HE, EX T BAR Dy R anfar i
Mo PR Z WAL TR0 B B, ez X B AR X vk i B LR, S BIND S
WK S 0 A S B B U ik E T A R R SR s ], R, AR SCRATR
T A8 FH 2T AR PR 0 08 52 e 130T R, 95 v % T T K S R
MRS A0 A S E AR, WA AR A8 R RS AN AR Ty AR L
W, FE NDSTE SR v (1 7 52 2

2 b BEDL S S B S B

2.1 GRIITIT A ELbR A I 5 ot M R
TRYITH A T 2R AR S 208 ( LUR AR T LA AR )
S F ] L T TR T K S AR A SRR, B T AR TR AR



FH DX, RSB W RIATIR M, ) AR A AT A H I K 2 3 SR D Xy o 3
WMy, HRFWIIA (20204 B R EE R 5 ) Al QRHLAZY )
M “EPREZRH” A5 20224F 11 H5H,  QRHAZ) 510w 4h
A5 R BEATAEIRYN S “E PRI ARG P, 6 T 204 A ) 2
HEEYPTF,

A EE 2T R BN 2 AR I — KR VG ST [ o i 1 3 A I A v i i A
RN R XAk S R R R AR AR A AT R R K A
SRR XA R (LUNRIFR “ORIP X" ) AHOCHOR, RHAEA %10
T FOK S AE RIS TE I, o 59 5 At 3 4R DR 4 5k B WA A 1
4% (IUCN% ) BYRBIGEER (Platalea minor) . MEBER (Limosa
limosa ) % 13F7K 5,

VRN T A e KR BRI T T 2 A o IR 52 Al vl %) 38 ol b R
B mIX, R R R . AR R, &R AR SRR
Xof i 5 B A R ) S MR ABE TR o AR Sy E — e A 3l I I e ) D K % B AR R A
X, MRS E X 2 (B 2 28w X, PR T AEME LS i BHR A v
AR DX 5% AR Vg R T R A VR i, P S T X 5 SR B )
&, P X IGBR B PR B 0 SRR . ZDARbR . i FE £ L

RS, el A R s ) v S B e AR 1 K B A R A A 18 S R A
FET AR PR el T 1 ) S BREPR A . OF EL, 7 v Rl Sl vl BRI ik A A R e By
BBy, R S A0 Ak A 25 18 AR SR X IR e R i B R R
W RAT B B SRR S

2.2 iR

AR OR AP D8 By B AR OB, A FH ZLAR BN, v ) 0 3 A T R
£963.17hm’, FEALFE 12 M ERA KIS . 24k, (4P XA B
JRAFRER T R EE TAE, 20224F A EE R Y527 10hm’ ( XUPE PG 5
1~4538) o AWH AR RGER AR R A (1) FRERESE, 1
FES~ 11505 . eERoKSE . BEXIE, MIER36.07hm’, Hrp, & GEE
THREC F20224E3 ~ 9 H e 1., AAESTHE . 653 . JbFpiR K 3k Ak
W AESBE (E) |, ARSI R L ~6 5 i iE i, (8
TG,

2.3 BB E B

50 T AR T 2L PRI I S 30T ), B B X g 8 R Sl i b 2 A
HARK S KBS a2 =R, IFAe I8 2 B i TR S B h A 56
HACR . BT CERA R, ASCHWE 17K S0 E B kB 28
(F2) o B, BREEhE B i R A B s AL, ek 7 LA
P EARK S5 IR SCRRIETE AN S AT I, i HAR K 5
ABEROR . LU, BT A B M S RS2 W, B K R AR L K

PETREE . KB 2% . MERIEAS . HYIR R | Sl B A28 R R A5 DT
TP R A A A S A a0 BAR SRR S R
F L AR AE R AR LR G R, IS R TR

3 3T Hbwk By A B SR i 3 A

3.1 BRANHE PRI B

538 2o 22 4F Wa i KcHl 55 52 1 00 &5 6 1) 7 200 i 1 AR IS e s
Bro ARAEORI XA BIR) SR NI BE , #E20214F, fid HZL R AR 1 N
IGCRFIR K H20H . 60FE, 26150, HPER LY 530 B EE
B NS (Aythya baeri) . /NFIIES ( Tringa guttifer ) . WS %
( Egretta eulophotes ) . M3k B ( Threskiornis melanocephalus ) . 3]
$5455 (Pelecanus crispus ) . S&#4 (Ciconia nigra) . ZRITHE (Ciconia
boyciana ) SF3L13%h, ER R 5 2R40Fh . Hrp RIS EE B A (it
FEARAP R B E YR 5 ) P RgBiE (EN) SR, MR
SR R R e BRI 1%, W RN I B S A

MR R 2D AR X1 ~ 115 a8 S 2K R 45 (2015—
2018) ) , 2015467 2201844 ifa], fRIPIX1 ~ 115 ayEd R3] 5
F120F, 75 5491, BARRME T XFZ BB SR
Bt FEALSRISEEZE (Scolopacidae, #1575% ) . MM (4513%) |
25 Mgk (Rallidae ) | f8#82% (Phalacrocoracidae ) 55, HHff#A
Ff A 6T ( Recurvirostra avosetta ) . LIS (Tringa totanus ) . S
KA ( Himantopus himantopus) . F W& ( Tringa nebularia) | W
1S (Calidris ferruginea) . V&8 ( Tringa stagnatilis ) . 4 ( Pluvialis
fulva) . EEWEMY (Anas clypeata) . 280 (Anas crecca) 5. W TRk
TR RS R, KHR2017 2201 84F (B & S 2 WL B, K1
EWRAAECBER2~4 50N (25558 319K 3544 353 1,
4592 410H) (F3) o P

NS IRAIE AR B A EAS SR K S oA B, T H H1BA 1202241 1 12
HAI A 19 H JE47 7RO . 7EdRYINE A R (R T 1.5m ) Wik
A Bl R B AL AT, IF e s K AL MK & s G Ol . A 25 R
R, N8 9. 11 K SRR S0, AR mIE 10 427,
FE R RCL N | (% (Egretta garzetta ) . FEWENS, 04 /b B3 K
. BREEEAE, Syl AR A AT

3.2 Hhk S B3 R 71

R 5 288 W 0 A B R B A WS, e T A R R K
(TEmS2E . MEMSIE . B8, PSSR MU ) MERK —H AR sh PRIk
EHHBKS, a8k AR, MEMENE, B bR
MBI H AR K SRR (2) , J0 B ez [l e A0 AR 4
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1 AERR R D

fayE i (hm?) INEA B KRE (m) A SR
5 S 6.85 5 1~1.5 - BENSAFANE, NMRENZ
- JbE % (Phragmites australis) 12 & 7K
6 S 3.46 4 1.5~2 - REMEEUATAREANE, NMREVMZ
- KRR, BRI
7 S 5.11 4 1.5~2 - REMEOKE, NREYZ
< SZHRTT AR JE A AT YRR R
8 S 3.93 2 2~2.5 - REMEEOKE, NEEYZ
- YENA B
9 S 4.95 4 2~2.5 - REMEOKE, NREYZ
< KBHSEN T FIERE S, EAEARIER
10 5% 3.94 3 1~2 - ERE 2, ANRIEYIZ
- IRERIZ A, ToR SN
11 54 2.74 0 2~2.5 - SRR, USRI RN E
- N B, TR
AP IE 4.30 5 0.3~0.5 (&%) /1 (M=) - SRR, WEARKEREYES, KEBOKAEEYIR S
- TCXANEE, WK TRE
XU 0.79 0 R R KA 2L ZRE (Acanthus ilicifolius) 4 K12 5K

MR 52 1, B A B e R S AR S b

WFFERI, BRASIOK S ARRIR TR AN, 7K S 5 i 3 ik 5 S IR
T2 BT W 2K T AT R SR O B 22 PR oK s I K 6 AT 2 TR
oK EE—E RO BB SFEAURE AR, R R e R
DRRAEAEYIPES (BRI A ) FRlE s 04 (K3, K4) .

3.3 LI B ) 53 b

PAZK S 406 S5 A B T SR bR, X 21 AR BRI b 35 ] £ 338 1) K T 1 AL
IKOLTRIE . KB Ak BESIEAS . GG . SR B T Bl 4
D7 AT IE BT, IS A BRI £ 30 1 s %) 7S v M ) A

(1) K/

T o8] 7K T TR R 5 T 7K 5 A 5 fel P OO0 8 — T AR AR . R
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AR RIS YA R 3~5hm?, BRI b al LAl e 1S 26 2 1 A6 16 X i 22
TFRE KT TR (2~3hm® ), {E P45 £ 388 A e 2 0B B 221 T AR
A hm® (/K S ECEBRE SR L

(2) AKAEIR

IKAETRE SR MK SR SN TE £ DR i K B b 2 2 8 A
LR, HATRZE IR S T 2m A Ay, SRR AR RIAE . PG 2
REWIMAR S, KR8, 9. 115 KA ATIA2.5~3m,

(3) ARSI

095 5 DRI 2 18] 2 2000 i i g AT W o 5 e s, AR L
HEAR PR AL, K IAE20084F Z FT R, LG R THRERE,  ELK W
RV TURNG, KRS R . i TR A KA L . K3 )
FIEAR, O SINRIEEA Y SIS, SR Y R — | JEk.



% 2 Hhok SIREMRIEDL

EI ) Ry gK (em)  kEM R AT i 2
T C N T ES WA (Calidris ferruginea)  18.0~23.0 e BT i
PN T e SRMA (Limosa limosa) 36.0~44.0 e £RY i
MK AEROKEUERSK  EEWM (Anas clypeata) 44.0~51.0 e £RY i
KNS 2K RSKIEW (Aythya fuligula) 40.0~47.0 e £RY i
(e % (Egretta garzetta) 55.0~65.0 W DAL N E, D REFESHIES i
TSCES k% (Gallinula chloropus) 30.0~38.0 e 1R, HSES i
T ES MEHS (Phalacrocorax carbo)  84.0~90.0 e £R1 i
E5K— R WG EEH (Platalea minor) 60.0~78.5 e £RY i

i
HIEERRTESN. RIFXEERKAIINE .

(4) SR=0ME. B

GRS M EERRZ —, St N RKSRE
YR XR, TR S [R RO GRE AT DAL S 2R3 22 4 o PR fa dfE rh bt e
Sy 05 LR = RAREA, NS . K# (Eichhornia crassipes ) . %8
U3ETH (Alternanthera philoxeroides ) “ /KA R Kb . 1%, JL
FoE AR KA ], RN T K S R TR A S MRS . KR
e N BB D, B S EEY A KR, TTRE SRk, Bz OhRE
ANy, TEE K S SRR D A5 B =S T

(5) Azt Z

SR EAREY MR AR R Z, TeAR USSR 5 5 A
B (Acacia mangium) . BEME (Acacia confusa) NF, WAHK
(Leucaena leucocephala ) BSRZGTZUEHE, 547 R/ A
gk T R LS (Sphagneticola trilobata) , JRA FIAE R A
(Bidens pilosa) o ANRAEYIAIAAZAEY A A PR, BN 1 A 1l Ji A= 285
R %A

(6) ANEWEZh TR

e FHZE AR PRl 5 3 T A A X, A 3 b A2 38 Tl AR 5 B
TR WINT T XA B e, DGR, B e
HE MR X, B TE BB B, (H R N R LR X e A 3k

T0dBZE A, It TR B MR A A2 B A L R A G A
SURNI VR = I R 7 v | S RN U AT ) S S

4 RSP BRI LS B E

4.1 1BE B

i H LRI AR R — A8 B 0 S R X, & B S H AR TR A
JEEL St S R R L AR XS A L, AR R S B R H A
SR DA RGBS A o L R R B ) S B K 1 FRARR 5 1Y
R TG S M s R A A LA 2 T A b K ) 4 A i
B RAETEI2~4 5 B I B ik — i AL, A A s 2SR
AR T ARG M, RIS B AL 1 R —— PR R R AR A 2 11
A BEE EEAE . B, AU XU T LRt 5 52 T oA R )
(7] Fsf Ay S At AR 58 2 AR AR D b R0 R 11 1 A T 1) 45 2K S JR it A 5 AU AR B
(£4) .

4.2 BB EBOR RN
BEXT S B N ORI IR, LS A B R BT kA, BIFTE4R
A MBS N KRG o B 52 2B T ARG TR F B K 55K, e lGE
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%3 HhvkSERR R

Hbrk S pie ot IR JEMERR S it HAth IR
(ET B BT AR, A 3~5cm TR, BB MR E R R & /T 50dB; SR
W ERK, — K [EEINEE DS KE R BEE AL S B KEEES 40m DAE [10][17]
R A KT 2hm?, Bk 10cm PAR HLIRE] 40%, 40%. 20% [32]~[38]
JIE
FERSE  JEEKE K 5 KA HE P B 15~30cm R ERTE. REEBKEMEY, B KBUREESZ, B SFE R
—— BHM®BRANEREM DAL W Ak 22 22 PR 35 B X E N T [32][(38]~[41]
KA TR 25~200cm 4.8km/h
e TF R 7K 15~40cm WL E I AE MPEEEF-RAEE  EETFR-RAE SER
it S, ART4E 25%, DAAFARNE, 8 d 60dB [14][17][42]
FIRe I A1 B R 4
(IS CES TF e K T 45 & 7k A WE: 10ecm AR, — K EAEEWBER (2 — Sk
TEPIBELR fRE: 50cm PAR FEN BEREEHE) E [17][39]
WiEsh, KTEEEMN
UUKAEY)
LV S BT REOK T, A 80~120cm KB E/NGER KIS KAEEY AR KRR SR
BT 25 R AR P, FHR AT FTE 4:6~6:4 [42][43]
HGEEE HESLITRE KT, A RE: 5~10cm; TR I M B B 0 RERBKIBEBE — KIKEMR, G %k [38]
P78 5 R RE: 5~25cm TR , B e ok B 5 ROl
A BRI THAS
SR I T A R I N K Bl ) SR AT DR R AR R A FRRR B

MR HITA S, TEBCERS R (ES5) .

(1) K 4

HOH s PRIV M rh e o B B, A /Y, §T IS SOK I LA
T B i e 1) T Rl ROK T o B Je KSR ARG R F2hm®, JEARIS iy
E, 7K PN G G L K T FIAR ) B B 1 AR RS T E40% . 40% .
20% K H

(2) KA

ORISR HIE , JFE5 G RE KIS, £ 10 2IKAE4H 1R 5
Z, PEHUK A RS em A . 5~25¢m . 15~40cm ., KT 1m P B G K R IX
B, A0 A BARK S BB oK o RS FE4ERKIR K Tim, LA
WA A, R I AERR K S8 B P 4545 TR B2 2R 1) EL

(3) Kk

3 I PR ANV G R N BN BR KA L A K R RS e
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I H I BRIMEYR R H30~50e mAY IR . 7ESYE N ERUTIAGOIHZ TR, E
WIS TESm, MIBERREZ945° | HER T2m, HARTARE AR
B QAR UL R A S i) 3 S A A, LA AR T 3 S 4 7K B g 26 5
IR A BT o K IR R S R, n] oE e R AR, O
AN RN RE B A 4, 19 £ % 22 ) B

(4) e

FE K THIHS J5 B0 5 B E A 1, B 1~ 2 R rp SO S B/
By, W BN LLEHARGHAK (BESe ~25° BRI ) , JFnFEL
HE7 S 3 GRS R s T A L TS (/S G e e SR DIIEAN
B AR 2 A i) £ 07 MBS/ 5 3 BB/ DN By i, O3
LB I Y I T LB V) SN IO R DD B ik < e WDt QN N RS LT L ESLE
RGN, MEMSERE S P A BRI . TR AT IR



4 LTRSS A B e HH bk

hEs GRS B JEE NS
55 v TS AT RICEER, RPAUMEREFRUYE
6 S v TS AT RICEER, EREFAUWE
75y R B F A I ML AR TR R A 2K, AR s

(Alcedinidae) %

8 S R R B A S [(ALE. £
9 S AR A B Bk (Aythya)
10 S R Bl A B o AL L PE AR TR A M2, AR 3
11 54 KA BE b AL, BEE, BIR
JeERBOoKsE RS AT A TR R R0 526
e XU METRA S RN IK

(5) Heid kA B

U0 BB 45 ORI B S 87 BHL A 55 AR AR Y, JF 0 B 25 A OK AR
Yoo BHIEN/NG LS 2T ARB BRI RL, O B 5 25 3R (A R I B
ZS[E) s YRR e R A A AR R Bl , 1288 & AR, R
CREARE &y TR AR b HA ANRIAL W R, (R 2 L RFD
IR TRAE BT, R R AR LD bR, TR R AR e L R L A A
Ak SR

(6) sEtHfa]

N T AE K I 18 T A — 5 R 1) 2 4 A L, ] s L e R AR
WU R iR A AR RS R GERY T3, I00 48 1 8 e 4 et g iy LA
EUNER QeI SN W DN/ SS iR 11 7/ B U =< R B ol I o L e )
Y. INE AR R, T HERS R RN S A, DU 5k b Rk
Ao AR R I TR0 ) 5 HESN HE MR S Tm LB, FERLE AR
ZIAIK

4.3 AL BB E BN
SRy A A S SR 0K 5 AR BT RIS BRI H 2R 5 B H AR K

SRR BN BRI BRI =5, R
L AR SRR N AR . 7E S R AT AR e ELARS M R R AR, A
BB RS P RIS N R AR, T R VR K S B s A A s &
(#£5) .

4.4 EAESIBE TR

FET I E MM A B TR, 0 H A B AS R85 s B X 25 ik
Fbrk s (3R2) EARAAESBE TSR (K6) .

(1) 55 BEETTR

55 3 B AR XU L RNR YIS W, K BT R 6.38hm” HLJE AR J5
IE, AERH SR SRSy, R AR SEBRK A 2hm?, K EEZ Im,
REERARTIARKZ, KNP GE, §= T K ADE R/
By, AR BRI T 8 B T 3h PO B S I /N HE K Y]
KB RAE, RERKEE . REEEEPERE, RNAESBER
DAL NS

55 Yl E 7 PR EE R A R B AR, BT SR T A KK
SERBE M — N EL IR IOK T (K6, 7) o i ZK m i A
GBI PR B ht XOKIREE T AES~25em, KSR 0 o P o,
I T, BRI, ik S PR AR RS a1 W AN I
S5m9E . 2mIRAIMIE I LAEE KA, Sk sl s &k TS BUK IR =
FSERE AR, LIRS B e R R B & Em . e duson 58 s
TR, AR A SEE S B2+ (E6~9) .

(2) 65T

6 SRR AT, RPKIE, ML HR3.46hm?, Perh ki
oy AR oKk, KOS R, R ERRTARKZ, ZINFTIKR
([E10) , mMMEAERES), BERINEY, B NRINEY . ¥
RAF R & P A S

15207 SR AR I PR SR B RS, AL oE s i T K IR . )=
VT B IR O B AR K TR RS e R LR PR KA o DR B R KT AR B
Py, O BUIR /N R T, R i SR A 1) 05 (5 o e
FRE NG, R ACER R AR AR KR F AR Sy G b a], S A S 26 A
JSSiie

(3) JbaBiRokIEE 2 I %

JEERRAIE 5 RIS AR HHEE , KR FEE i b g, 2Ry
XA E— IR K 8 o B S AR 4. 3hm®, B4R IR B oS ok, 3R
PO (ANRMYZ ), REKRBHDR S, AR T RS
AR CELL) o BEAMBILBAGE | R (Alcedinidae) | B IEEFX A
HORRH AT A 528, KU R T A I B BR KA ( Lutra Tutra ) 1
3, BEENEK.

AR AL IR K I (9 A R s ) R 1, ISR S B AR ST AR M 2 R
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50 FAME RSB IRI = Md g1

3w H TR P& 1R FpIs B g1 fIRIE BT
KT - KHEEAAT 3hm®, & HKT 90% - KEEAAT 2.5hm?*, S EHKAT 80% - KEEARAT 2hm?, &K TF 70%
- TEBRINEREE R, e RS PER A K, - BRR RS RIE R, IR LB ST - AT R, SCBLE KR D) RE
TE R SEEETT Rl X R OK T NE] EIE
IR 475 il - KA T 0.15m - 7KfZ 0.15~0.4m - KA T 0.4m
- VAEEHTE I BRSO R, M RE VK IR - R RO T AT, TR IRIZK TR - PRRFELIRKAL
SCI YRR CRAF IR AL X4
IKEN I A AF ks - IKEHRRE S - IKEZHRAE S A - IKEZHRRE S A
- WRETETR, R e E P SN B RE RS - FRARK A R AR, AE % PR 0 A T TR - BEOK RS R =2
97K EN 1 2% Kt
e S - OERESEERT 40% - EREAEE 20%~40% - G N T 20%
- HESRPOOEREMIER By, AN LRI, - REYER I R ER S MR B - RERREARIE L TEEAEY), WA LRE
REACURRE, 1EERBURE LY TEEHE
AP 3E L P - IHERRISKREY M RIEY) - THERRAMKREY M RIEY) - IHHER R ARED
CIEB L LK, A RALE, ML - D BREAGRE S LR, BEmATFA - THHEEN SRR AEEY
IR Uy
T Al - MEFERT 50dB - MR T 65dB - BERRT 85dB
SRR TP, MELINTE. 0 A - JRIER AN B A e - REHOKEE N R, AR B ARK S
ki psii
i
KE S HHEKESER SZESEHRIOE, Yo atE SRS ZiE SR E.
% 6: AN ESBETTRILE
85 SRS N E ] KA Kahh FFsGE Y A3 L PR iRk et
5 S FEIE MR R EIE N IR E FRIE R IR EIE MR R PRGN IR [EpEIvACTE
6 S PRGN &7 PRGN &1 fIRIE M@ 72 S EIVAGTE PRGN &1 RIS B i A%
JEHB IR IRIE MR — — & MR RIE M@ 12 —
i XU [ A LS — G N IR — HIE IR 12 —

VOLUME 12 /ISSUE 3/ JUNE 2024

060



P, BB/ BZ MRS AR Z 0. JRdT Wi
R, B YEK R DVRETEIGE , R BORRERIRINAE S . IREIESE I
AR RTRA, I B R AR A S K AR . T B BUIR ) A
FEHESY RS, WML B, BRI, D MR A A7 10 2% Ao
BB EH, BA IR E AR S R G RE (&) .

(4) HENIEB R TT %

e IE L THER AL Z9200mAb , 38 i 8 78 5 MEDR ELHEAET 3G, i T
AR, HETIENE R o8 1R dikim, e S xELURE AR E (E12) o
0 180 55 RN U 3 2 AR R A% 2K B AT L e, B A B S B
F, ASBEW B A RO ek XIE KT /N - K3 T SRR
ZEMAEYI R S K A AR, BEfrp | il R AR A 2 SRS . A
PN A B N SR, I S BT R K T EGE K B ) A, R
BAAEH MR AT (F12) .

5 1B E IR

20224F9 H T WIMEE TR T, ik S ik e GRS . o
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